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(54) Wavelength division multiplexing communications network supervisory system 



(57) A supervisory system in a wavelength division 
multiplexing communications network is provided with a 
first and a second terminal stations and a repeater unit. 
The first terminal station transmits a supervisory signal 
to the second terminal station. The second terminal sta- 
tion transfers the supervisory signal to the repeater unit 
to be monitored. Paths to a hub station A and a hub sta- 
tion B can be a single path by looping back a supervi- 
sory signal output from the hub stations A and B for 
issuing and terminating the supervisory signal at a first 
and a second branch stations connected through an 
optical wavelength multiplexing/demultiplexing unit. If 
the hub station B loops back a supervisory signal, the 
supervisory signal output from the hub station A can be 
returned to the hub station A again after circulating the 
path. If the path of the supervisory signal is set to allow 
the signal to pass through aii repeater units, only one 
channel is required for a supervisory signal without low- 
ering the modulation rate during a branching operation, 
and the repeater unit can receive a supervisory signal 
without fail. 
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Description 

Background of the Invention 

Field of the Invention 

The present invention relates to a supervisory sys- 
tem for monitoring an optical amplification repeater unit 
in an optical communications network to which wave- 
length division multiplexing (WDM) technology is 
applied. 

Description of the Related Art 

Recently, an optical communications network oper- 
ated using the wavelength division multiplexing technol- 
ogy (WDM) has been frequently taken up in many 
studies and developments. In the optical communica- 
tions network, a iarge capacity data transmission can be 
realized using a wavelengthmultiplexed optical signal. 

On the other hand, a fault in an optical amplification 
repeater unit is a serious problem in the optical commu- 
nications network. Therefore, an optical transmission 
system using the optical amplification repeater unit 
requires a unit for monitoring the state of the optical 
amplification repeater unit. 

A state of the optical amplification repeater unit to 
be monitored refers to an optical input/output power, an 
exciting power, the temperature of an exciting laser 
diode (LD), a bias current of the exciting LD, etc. 

A conventional optical transmission system has a 
point-to-point type transmission line in which a terminal 
station A is connected to another terminal station B one 
to one through a plurality of optical repeater amplifiers 
REP 1 through REP 4 as a point-to-point type transmis- 
sion line as shown in FIG. 1. The system normally 
includes at least one optical wavelength multiplex- 
ing/demultiplexing unit; a plurality of terminal stations 
connected to at least one optical wavelength multiplex- 
ing/demultiplexing unit through an optical transmission 
line; and a plurality of optical repeater units positioned in 
the optical transmission line, wherein the second termi- 
nal station receives a supervisory signal (SV signal) 
transmitted from the first terminal station of the plurality 
of terminal stations to the optical repeater unit through 
the optical wavelength multiplexing/demultiplexing unit, 
and the received supervisory signal is transferred to the 
third terminal station through the optical wavelength 
multiplexing/demultiplexing unit. Otherwise, the system 
includes at lease one optical wavelength multiplex- 
ing/demultiplexing unit; a plurality of terminal stations 
connected to at least one optical wavelength multiplex- 
ing/demultiplexing unit through an optical transmission 
line; and a plurality of optical repeater units positioned in 
the optical transmission line, wherein the second termi- 
nal station receives a supervisory signal (SV signal) 
transmitted from the first terminal station of the plurality 
of terminal stations to the optical repeater unit through 



the optical wavelength multiplexing/demultiplexing unit; 
the received supervisory signal is transferred to the third 
terminal station through the optical wavelength multi- 
plexing/demultiplexing unit. 
5 In such a supervisory system in the above 
described optical transmission system, a supervisory 
signal (a command signal to an optical amplification 
repeater unit) is transmitted from the terminal station A 
to the optical amplification repeater unit REP 1 . In such 
10 a conventional 1 -channel communications (1-wave 
transmission), the opticai amplification repeater unit 
REP 1 which receives the supervisory signal performs 
control corresponding to the received supervisory sig- 
nal, and transmits a response signal containing the 
15 state information of the optical amplification repeater 
unit to the adjacent optical amplification repeater unit 
REP 2 for the supervisory signal to be sent to the termi- 
nal station B. Thus, the supervisory signals are sequen- 
tially transmitted. 
20 A system for transmitting a supervisory signal and a 
response signal to an optical amplification repeater unit 
can be a superposing system for superposing the 
supervisory signal (command signal for controlling the 
optical amplification repeater unit) into a data signal 
25 (main signal) to be transmitted, or a wavelength division 
multiplexing system for wavelength-multiplexing the 
supervisory signal having a wavelength different from 
that of the main signal. 

FIGs. 2A through 2C show an example of the oper- 
30 ation of the optical amplification repeater unit in the 
superposing system. As shown in FIG. 2A, for example, 
the main signal M of 2.5 through 20Gb/s is modulated 
by a supervisory signal SV of 1 through several tens 
MHz to generate a superposing signal, and transmitted 
35 to the optical fiber transmission line OP. 

The optical amplification repeater unit branches an 
optical signal obtained by modulating the intensity of the 
main signal M using the supervisory signal SV, by the 
branch unit BR as shown in FIG. 2B. The branched opti- 
40 cai signal is converted into an electrical signal by the 
optical receiving element PD such as a photo-diode, 
etc. 

Only the supervisory signal SV is extracted through 
the filter FIL from among the electrical signals converted 

45 by an optical receiving element PD, and led to the con- 
trol circuit CONT The control circuit CONT controls an 
optical amplification repeater unit according to the 
extracted supervisory signal SV, and outputs a 
response signal SV having a predetermined frequency 

so corresponding to the state of the optical amplification 
repeater unit. This response signal SV drives an excit- 
ing laser diode LD. 

The gain of the optical fber amplifier AMP is pro- 
portional to an exciting power. Therefore, the exciting 

55 power proportional to the response signal SV is output 
from the exciting laser diode LD, and the intensity of the 
optical signal input to the optical fiber amplifier AMP is 
modulated in proportion to the response signal SV. 
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Through this operation, the response signal SV from 
the optical amplification repeater unit can be super- 
posed on the main signal M input as shown in FIG. 2C, 
and transmitted to the next optical amplification 
repeater unit from the optical amplification repeater. 5 

On the other hand, various developments have 
recently been made to realize wavelength division mul- 
tiplexing communications, and it is considered that the 
wavelength division multiplexing system (WDM system) 
will also be adopted in the future optical communica- 10 
tions network. In WDM transmission, a plurality of chan- 
nels can be transmitted through a single fiber. 
Therefore, a plurality of terminal stations can be con- 
nected by demultiplexing and multiplexing an optical 
signal. 15 

In 1-wave transmission, an amplitude modulating 
method is used when an SV signal is transmitted. How- 
ever, in the WDM transmission in which a plurality of ter- 
minal stations are connected, it becomes difficult to 
perform supervisory operation in the above described 20 
method on the following grounds. 

(1) The modulation rate of the SV signal becomes 
smaller because of a lack of channels of a main sig- 
nal produced by multiplexing/demultiplexing the 25 
main signal on which the SV signal is amplitude- 
modulated, thereby disabling the reception at a 
repeater unit. 

(2) In multiple-repeater transmission, accumulated 
noise lights make the ratio of the power of a signal 30 
light to the entire optical power smaller. As a result, 

the modulation rate of the SV signal superposed on 
the signal light naturally becomes smaller. 

(3) The propagation time of a signal light depends 

on the wavelength through the wavelength disper- 35 
sion of a f ber. Therefore, the SV signal superposed 
on each signal light deviates in phase, thereby low- 
ering the modulation rate. 

(4) If the modulation rate in transmission from a ter- 
minal station is set to a high level in consideration of 40 
the modulation rate lowered in (1), (2), and (3) 
above, then the modulation of the SV signal affects 
the main signal. 

FIGs. 3 A and 3B show an example of an operation 45 
performed by the optical amplification repeater unit in 
the system in which the supervisory signal SV having a 
different wavelength from that of the main signal M is 
wavelength-multiplexed. FIG. 3A shows an optical spec- 
trum and shows that the supervisory signal SV having a so 
different wavelength from that of the main signal M is 
wavelength-multiplexed. 

As shown in RG. 3B, the wavefength-muftipfexed 
light signal is input and branched by the branch unit BR, 
and the supervisory signal SV is extracted through the 55 
filter FIL The extracted supervisory signal SV is led to a 
supervisory signal receiving circuit SVREC. opto-elec- 
trically converted, and demodulated. 



Then, as with the example shown in FIGs. 2A 
through 2C. the optical amplification repeater unit is 
controlled according to the demodulated supervisory 
signal SV, and a response signal SV at a predeter- 
mined frequency corresponding to the state of the opti- 
cal amplification repeater unit is output. The exciting 
laser diode LD is driven according to the response sig- 
nal SV*. 

The exciting power proportional to the response 
signal SV is output from the exciting laser diode LD, and 
intensity of the input optical signal of the optical fiber 
amplifier AMP is modulated in proportion to the 
response signal SV. In this operation, the response sig- 
nal SV can be transmitted from the optical amplification 
repeater unit together with the main signal M and the 
supervisory signal SV to the next optical amplification 
repeater unit. 

FIG. 4A shows an example of the optical transmis- 
sion system (WDM network system) which is a network 
system in the wavelength division multiplexing (WDM) 
technology. The transmission lines comprise at least a 
pair of optical fiber pair cable OPC as an up-line and a 
down-line for communications whose loss can be com- 
pensated by providing a plurality of optical amplification 
repeater units REP. 

Each of the plurality of optical amplification repeater 
units REP is provided with optical amplifiers FF and FR. 
Furthermore, with the configuration shown in FIG. 4A, 
the optical wavelength multiplexing/demultiplexing unit 
OSEP is provided between the terminal stations A and 
D, and the terminal stations B and C for branching and 
inserting a signal are connected to the unit. A plurality of 
signal lights having different wavelengths are wave- 
length-multiplexed and transmitted as WDM signals 
from each of the terminal stations A, B, C, and D to a 
single optical fiber. 

The WDM signal is transmitted from, for example, 
the terminal station A, distributed by the optical wave- 
length multiplexing/demultiplexing unit OSEP to its out- 
put path for each wavelength, and transmitted to the 
corresponding receiving terminal station B. C, or D. 

FIG. 4B shows the concept of the path for an OTDR 
(Optical Time Domain Refrectometer). 

The OTDR method is used to check the damage of 
an optical fiber and the state of the optical loss. In the 
OTDR method, an optical signal is transmitted from one 
optical fiber, and this optical signal propagated through 
the other optical fiber should be received. To attain this, 
an OTDR path is prepared to connect the up-line to the 
down-line at the optical amplifier provided in the 
repeater unit. This path is designed to simply connect 
the up-line to the downline by branching an optical f ber. 
When the characteristic of the opticaf fiber is checked in 
the OTDR method, the output of a main signal and other 
signals are stopped to perform the check in the OTDR 
method. Then, the optical signal transmitted from the 
up-line is returned by each repeater unit to the source 
terminal station through the down-line. The optical fiber 
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can be checked by detecting the returned optical signal. 

FIG. 5 shows an example of a ring-shaped network. 
In this example, as in FIG. 4A, the transmission lines 
comprise at least a pair of optical fiber pair cable OPC 
as an up-line and a down-line for communications 
whose loss can be compensated by providing a plurality 
of optical amplification repeater units REP. A WDM sig- 
nal is distributed by the optical wavelength multiplex- 
ing/demultiplexing unit OSEP to its output path for each 
wavelength, and transmitted to a corresponding receiv- 
ing terminal station. 

The above described WDM networks shown in 
FIGs. 4A and 5 have the following characteristics. A plu- 
rality of signal lights (WDM signals) having different 
wavelengths are passed through a single fiber. The opti- 
cal wavelength multiplexing/demultiplexing unit OSEP 
multiplexes/demultiplexes a main signal (WDM signal) 
in the transmission line. A plurality of terminal stations 
exist in a system, and a plurality of communications 
paths (optical paths) connects the stations. 

However, when the system of transmitting/receiving 
a supervisory signal as described above by referring to 
FIGs. 2 A through 2C, 3 A, and 3B is applied to the sys- 
tem shown in FIGs. 4A and 5, the following problems 
arise. 

A. Problem arising when the superposing system is 
applied to the WDM network 

Even if a supervisory signal is superposed on a sig- 
nal light having a specific wavelength, the signal light 
may not pass through all transmission lines. Therefore, 
a supervisory signal cannot be transmitted from a termi- 
nal station to all optical amplification repeater units in 
the network 

For example, in FIG. 6 shown correspondingly to 
FIG. 4A, only one of the up-line and the down-line is 
shown, but the transmission line of a supervisory signal 
can transmit the supervisory signal only to the optical 
amplification repeater unit REP provided between the 
terminal stations A and C even if the supervisory signal 
is superposed and then transmitted from the terminal 
station A by the wavelength W 3 . 

Since the electric power of the signal light having a 
wavelength different from that of the signal light modu- 
lated according to the supervisory signal is strong, the 
ratio of the electric power of the supervisory signal in 
the electric power of all signal lights is reduced, and the 
receiving electric power becomes lower than in the sin- 
gle-wave transmission. 

B. Problem arising when the wavelength multiplex- 
ing/demultiplexing system is applied 

When the communications path designed for trans- 
mitting a main signal is used as a communications path 
for exclusively transmitting a supervisory signal, a prob- 
lem similar to the above described problem A arises. 



When a communications path is designed to connect a 
terminal station to all repeater units exclusively for 
supervisory control, signal lights having plural wave- 
lengths are required. 

5 For example, in the example shown in FIG. 7, as in 
FIG. 6, only one of the up-line and the down-line is 
shown. When a supervisory signal is transmitted from 
the terminal station A to all repeater units REP between 
the terminal stations A and B, A and C, and A and D, at 

10 least three wavelengths W 1 through W 3 are required. 
On the other hand, a method of branching a light of a 
supervisory signal can be adopted as shown in FIG. 8, 
but, in this case, the number of wavelengths should be 
equal to the number of terminal stations. Therefore, 

15 there is the problem that a transmission band cannot be 
effectively utilized. 

Furthermore, only the light of a supervisory signal 
can be extracted using an optical filter in the supervi- 
sory signal receiving unit in the repeater unit to improve 

20 the electric power for receiving the supervisory signal in 
the repeater unit. However, when a plurality of wave- 
lengths are modulated by the supervisory signal as 
described above, this method cannot be applied. 

25 Summary of the Invention 

The problem similar to the above described prob- 
lem A may arise when the wavelength division multi- 
plexing system is used. Therefore, the present invention 
30 aims at providing a supervisory system in a wavelength 
division multiplexing network satisfying the following 
conditions. 

That is, (1) The electric power for receiving a super- 
visory signal in the repeater unit is large, that is, the 
35 repeater unit can easily receive a supervisory signal ; (2) 
There are no influences on a main signal; (3) An 
optional repeater unit can be monitored from a terminal 
station, and the signal transmission band can be effec- 
tively used. 

40 A further object of the present invention is to pro- 
vide an optical transmission system capable of transmit- 
ting a supervisory signal to all repeater units along a 
small number of channels in the WDM transmission, 
and checking an optical fiber in the OTDR method using 

45 a channel exclusive for a supervisory signal. 

The first configuration of the supervisory system in 
the wavelength division multiplexing communications 
network according to the present invention that solves 
the above described problems includes at least one 

so optical wavelength multiplexing/demultiplexing unit, a 
plurality of terminal stations connected to at least one 
optical wavelength multiplexing/demultiplexing unit 
through an optical transmission line, and a plurality of 
optical repeater units provided in the optical transmis- 

55 sion line. With the configuration, a supervisory signal for 
the optical repeater unit transmitted from the first termi- 
nal station of the plurality of terminal stations isjeceived 
through the optical wavelength multiplexing/demulti- 
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plexing unit by the second terminal station, and the 
received supervisory signaJ is transferred to the third 
terminal station through the optical wavelength multi- 
plexing/demultiplexing unit. 

The second configuration of the supervisory sys- 5 
tern in the wavelength division multiplexing communica- 
tions network according to the present invention is 
similar to the first configuration wherein the first terminal 
station transmits the supervisory signal to the second 
terminal station through the communications line io 
assigned to main signal data. The second terminal sta- 
tion receives the supervisory signal, modulates the sig- 
nal light having at least one wavelength according to the 
supervisory signal, multiplexes the modulated signal 
light having at least one wavelength with another signal is 
light, and transfers it to the third terminal station through 
the communications line assigned to the main signal 
data. 

Furthermore, the third configuration of the supervi- 
sory system in the wavelength division multiplexing 20 
communications network according to the present 
invention is similar to the first configuration wherein the 
first terminal station modulates a signal light having at 
least one wavelength according to the supervisory sig- 
nal, multiplexes a signal light having a plurality of wave- 25 
lengths containing the modulated signal light, transmits 
the resultant signal light to the second terminal station. 
The second terminal station selects a wavelength from 
the received signaJ light, receives the supervisory sig- 
nal, modulates a signal light having at least one wave- 30 
length according to the received supervisory signal, 
multiplexes the signal light having a plurality of wave- 
lengths containing the modulated signal light, and trans* 
fers the signal light to the third terminal station. 

The fourth configuration of the supervisory system 35 
in the wavelength division multiplexing communications 
network according to the present invention is similar to 
the first configuration wherein the first terminal station 
modulates a signal light having at least one wavelength 
according to the supervisory signal, transmits the signal 40 
light to the second terminal station. The second terminal 
station converts the wavelength of the received signal 
light into a different wavelength, and transfers it to the 
third terminal station. 

The fifth configuration of the supervisory system in 45 
the wavelength division multiplexing communications 
network according to the present invention is similar to 
the third configuration wherein the second terminal sta- 
tion opto-electrically converts the signal light having at 
least one wavelength modulated according to the super- so 
visory signal transmitted from the first terminal station to 
regenerate the supervisory signal, and modulates the 
signal light having a wavelength different from the at 
least one wavelength according to the regenerated 
supervisory signal. 55 

The sixth configuration of the supervisory system in 
the wavelength division multiplexing communications 
network according to the present invention is similar to 



the third configuration wherein the second terminal sta- 
tion determines the necessity of transfer according to 
the supervisory signal, and stops the transfer of the 
supervisory signal when the transfer is not required. 

The seventh configuration of the supervisory sys- 
tem in the wavelength division multiplexing communica- 
tions network according to the present invention is 
similar to the sixth configuration wherein the supervi- 
sory signal contains identification information which 
identifies the source terminal station and the destination 
optical repeater unit of a signal. The second terminal 
station reads the identification information about the 
supervisory signal, transfers the supervisory signal 
when the optical repeater unit exists in the transmission 
direction of the signal, and does not transfer the super- 
visory signal when the optical repeater unit does not 
exist. 

The eighth configuration of the supervisory system 
in the wavelength division multiplexing communications 
network according to the present invention is similar to 
the first or third configurations wherein an optical path is 
formed in such a way that the supervisory signal trans- 
mitted from the first terminal station passes through the 
plurality of optical repeater units. 

Furthermore, the ninth configuration of the supervi- 
sory system in the wavelength division multiplexing 
communications network according to the. present 
invention includes a first and a second terminal stations, 
a first optical transmission line for connecting the first 
terminal station to the second terminal station, at least 
one optical wavelength multiplexing/demultiplexing unit 
provided in the first optical transmission line, at least 
one of the third terminal stations connected to at least 
one optical wavelength multiplexing/demultiplexing unit 
through the second optical transmission line, and an 
optical repeater unit provided in the first and second 
optical transmission lines. In the wavelength division 
multiplexing communications network for establishing 
wavelength division multiplexing communications 
between the first and second terminal stations and at 
least one of the third terminals station, an optical path is 
formed as follows. That is, the first terminal station 
transmits an optical signal on which the supervisory sig- 
nal for the optical repeater unit is superposed to one of 
the adjacent third terminal stations. The third terminal 
station transfers an optical signal on which the supervi- 
sory signal is stperposed sequentially to the adjacent 
terminal stations, and transfers the optical signal on 
which the supervisory signal is superposed from the 
last third terminal station to the adjacent second termi- 
nal station. The second terminal station transmits the 
optical signal on which the supervisory signal is super- 
posed to the first terminal station. 

Furthermore, the tenth configuration of the supervi- 
sory system in the wavelength division multiplexing 
communications network according to the present 
invention is similar to the ninth configuration wherein an 
optical signal on which the supervisory signal is super- 
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posed passes through the first and second terminal sta- 
tions and at least one of the third terminal stations, and 
has a fixed wavelength. 

Furthermore, the eleventh configuration of the 
supervisory system in the wavelength division multi- 
plexing communications network according to the 
present invention includes a first and a second terminal 
stations, first optica! transmission up-line and down-line 
for connecting the first terminal station to the second 
terminal station, at least one optical wavelength multi- 
plexing/demultiplexing un'rt provided in the first optical 
transmission up-line and down-line, at least one of the 
third terminals station connected to at least one optical 
wavelength multiplexing/demultiplexing unit through the 
second opticaJ transmission up-line and down-line, and 
an optical repeater unit provided in the first and second 
optical transmission up-line and down-line. With this 
configuration, each of the first and second terminal sta- 
tions and at least one of the third terminal stations trans- 
mits an optical signal on which the supervisory signal 
for the optical repeater unit is superposed to the adja- 
cent terminal station through at least one of the optical 
wavelength multiplexing/demurtiplexing units via the 
path which passes the corresponding optical transmis- 
sion up-line and down-line. 

Furthermore, the twelfth configuration of the super- 
visory system in the wavelength division multiplexing 
communications network according to the present 
invention is similar to the eleventh configuration wherein 
the second terminal station and at least one of the third 
terminal stations output with the wavelength different 
from the input wavelength of the input supervisory sig- 
nal. 

The thirteenth configuration of the supervisory sys- 
tem in the wavelength division multiplexing communica- 
tions network according to the present invention 
includes a first terminal station, an optical wavelength 
multiplexing/demultiplexing unit for wavelength-multi- 
plexing/demultiplexing an optical signal transmitted 
from the first terminal station, a second and a third ter- 
minal stations for receiving the optical signal branched 
by the optical wavelength multiplexing/demurtiplexing 
unit. With this configuration, the first optical path con- 
nects the first terminal station to the optical wavelength 
murttplexing/demurtiplexing unit and is branched at the 
optical wavelength multiplexing/demultiplexing unit to 
the second and the third terminal stations The second 
optical path connects each of the second and the third 
terminal stations to the optical wavelength multiplex- 
ing/demultiplexing unit. Thus, the branches of the sec- 
ond path are combined at the optical wavelength 
multiplexing/demultiplexing unit and reach the first ter- 
minal station. Then, the first and the second optical 
paths pass the signal light modulated according to a 
supervisory signal. 

Furthermore, the fourteenth configuration of the 
supervisory system in the wavelength division multi- 
plexing communications network according to the 



present invention includes a first and a second terminal 
stations, at least one of the first optical wavelength mul- 
tiplexing/demultiplexing units provided in optical trans- 
mission up-line and down-line for connecting the first 
5 and the second terminal stations, a first path containing 
at least one of the third terminal stations connected to at 
least one of the first optical wavelength multiplex- 
ing/demultiplexing units through the optical transmis- 
sion up-line and down-line, and a fourth and a fifth 
to terminal stations, at least one of the second optical 
wavelength multiplexing/demultiplexing units provided 
in optical transmission up-line and down-line for con- 
necting the fourth and the fifth terminal stations, a sec- 
ond path containing at least one of the sixth terminal 
75 stations connected to at least one second optical wave- 
length multiplexing/demultiplexing unit through the opti- 
cal transmission up-line and down-line. In the optical 
wavelength division multiplexing communications net- 
work for establishing optical wavelength division multi- 
20 plexing communications through the second path, an 
optical path is formed as follows. That is, the first termi- 
nal station transmits an optical signal on which a super- 
visory signal is superposed to one of the adjacent third 
terminal stations. The third terminal station transfers an 
25 optical signal on which the supervisory signal is super- 
posed stage by stage to the adjacent terminal stations. 
Then, the optical signal on which the supervisory signal 
is superposed is transferred from the last third terminal 
station to the adjacent second terminal station. The sec- 
30 ond terminal station transmits the optical signal on 
which the supervisory signal is superposed to the fourth 
terminal station. The fourth terminal station transmits 
the optical signal on which the supervisory signal is 
superposed to one of the adjacent sixth terminal sta- 
35 tions. The sixth terminal station transfers the optical sig- 
nal on which the supervisory signal is superposed stage 
by stage to the adjacent terminal stations. The optical 
signal on which the supervisory signal is superposed is 
transferred from the last sixth terminal stations to the 
40 adjacent fifth terminal stations. 

Furthermore, the fifteenth configuration of the 
supervisory system in the wavelength division multi- 
plexing communications network according to the 
present invention is similar to the fourteenth configura- 
45 tion wherein an optical signal on which the supervisory 
signal is superposed passes through the terminal sta- 
tions, and has a fixed wavelength. , 

The sixteenth configuration of the supervisory sys- 
tem in the optical wavelength division multiplexing com- 
so munications network according to the present invention 
includes a plurality of optical wavelength multiplex- 
ing/demurtiplexing units connected in a ring through an 
optical transmission line, and a plurality of terminal sta- 
tions respectively connected to the plurality of the opti- 
55 cal wavelength multiplexing/demultiplexing unit. In the 
optical wavelength division multiplexing communica- 
tions system, an optical path is formed in such a way 
that a light on which a supervisory signal is superposed 
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passes through the plurality of adjacent terminal sta- 
tions through the plurality of optical wavelength multi- 
plexing/demultiplexing units. 

Furthermore, the seventeenth configuration of the 
supervisory system in the wavelength division multi- 
plexing communications network according to the 
present invention is similar to the sixteenth configuration 
wherein an optical signal on which the supervisory sig- 
nal is superposed passes through the terminal stations, 
and has a fixed wavelength. 

The eighteenth configuration of the supervisory 
system in the optical wavelength division multiplexing 
communications network according to the present 
invention includes a plurality of terminal stations respec- 
tively connected to a plurality of optical wavelength mul- 
tiplexing/demultiplexing units. The plurality of the optical 
wavelength multiplexing/demultiplexing units are con- 
nected in a ring shape through optical transmission up- 
line and down-line. In the optical wavelength division 
multiplexing communications system for establishing 
optical wavelength division multiplexing communica- 
tions among terminal stations, an optical signal on 
which the supervisory signal is superposed is passed 
through a path connecting the adjacent terminal sta- 
tions through the optical wavelength multiplex- 
ing/demultiplexing unit via an optical transmission up- 
line, and a path connecting the adjacent terminal sta- 
tions through the optical wavelength multiplex- 
ing/demultiplexing unit via an optical transmission 
down-line. 

The nineteenth configuration of the supervisory 
system in the optical wavelength division multiplexing 
communications network according to the present 
invention is similar to the eighteenth configuration 
wherein the wavelength of the supervisory signal pass- 
ing through the optical transmission up-line is different 
from the wavelength of the light passing through the 
optical transmission downline. 

The twentieth configuration of the supervisory sys- 
tem in the optical wavelength division multiplexing com- 
munications network according to the present invention 
includes a plurality of optical wavelength multiplex- 
ing/demultiplexing units, a plurality of terminal stations 
respectively connected to a plurality of optical wave- 
length multiplexing/demultiplexing units. The plurality of 
the optical wavelength multiplexing/demultiplexing units 
are connected in a ring shape through optical transmis- 
sion up-line and down -line. In the optical wavelength 
division multiplexing communications system for estab- 
lishing optical wavelength division multiplexing commu- 
nications among terminal stations, optical up-path and 
down-path connecting two adjacent terminal stations 
are formed. The up-path and the down-path are 
assigned to difference fibers. An optical main signal 
modulated according to the supervisory signal is 
passed through the optical path. 

The twenty-first configuration of the supervisory 
system in the optical wavelength division multiplexing 



communications network according to the present 
invention is similar to the twentieth configuration 
wherein the wavelength of a signal in 2N optical paths 
selected in transmitting a supervisory signal has a fixed 

5 wavelength. 

The twenty-second configuration of the supervisory 
system in the optical wavelength division multiplexing 
communications network according to the present 
invention is similar to any of the first through twenty-first 

w configurations wherein the light for a supervisory control 
is modulated according to a data signal, and the super- 
visory signal is superposed on the data signal. 

The twenty-third configuration of the supervisory 
system in the optical wavelength division multiplexing 

15 communications network according to the present 
invention is similar to any of the first through twenty-first 
configurations wherein the light for a supervisory control 
is exclusively used for a supervisory signal. 

The twenty-fourth configuration of the supervisory 

20 system in the optical wavelength division multiplexing 
communications network according to the present 
invention is similar to any of the first through twenty-first 
configurations wherein a supervisory signal receiving 
unit in a repeater unit has a filter which passes only a 

25 signal light modulated according to a supervisory sig- 
nal. 

The twenty-fifth configuration of the supervisory 
system in the optical wavelength division multiplexing 
communications network according to tha* present 

30 invention is similar to any of the first through third con- 
figuration of the present invention wherein an optical 
repeater unit includes a plurality of optical amplifiers, 
and each of the optical amplifiers which receives a 
supervisory signal transfers the supervisory signal to 

35 the other optical amplifiers. 

The twenty-sixth configuration of the supervisory 
system in the optical wavelength division multiplexing 
communications network according to the present 
invention is similar to the eleventh configuration 

40 includes at least one optical wavelength multiplex- 
ing/demultiplexing unit, a plurality of terminal stations 
connected to at least one optical wavelength multiplex- 
ing/demultiplexing unit through an optical transmission 
line, and a plurality of optical repeater units provided in 

45 the optical transmission line. A second terminal station 
receives a supervisory signal for the optical repeater 
unit transmitted from a first terminal station of the plural- 
ity of terminal stations through the optical wavelength 
multiplexing/demultiplexing unit, and transfers the 

so received supervisory signal to a third terminal station 
through the optical wavelength multiplexing/demulti- 
plexing unit. The wavelength of the supervisory signal 
passing through the terminal stations is frxect rrr att the 
terminal stations. 

55 The twenty-seventh configuration of the supervi- 
sory system in the optical wavelength division multiplex- 
ing communications network according to the present 
invention is similar to the eighteenth configuration 
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wherein the wavelength of the supervisory signal pass- 
ing through the optical transmission up-line is the same 
as the wavelength of the supervisory signal passing 
through the optical transmission down-line. 

The twenty-eighth configuration of the supervisory s 
system in the optical wavelength division multiplexing 
communications network according to the present 
invention is similar to any of the first through the twenty- 
seventh configurations wherein the wavelength of a sig- 
nal modulated according to a supervisory signal can be 10 
switched depending on the position of a repeater unit to 
be monitored. 

The twenty-ninth configuration of the supervisory 
system in the optical wavelength division multiplexing 
communications network according to the present is 
invention is similar to the twenty-eighth configuration 
wherein the supervisory signal receiving unit of the 
repeater unit has a filter for passing only the light of a 
signal modulated according to the supervisory signal. 

The supervisory system in the WDM transmission 20 
system according to the present invention is based on 
the configuration in which a hub station for issuing and 
terminating an SV signal, a branch station for looping 
back the SV signal, and a repeater unit for relaying an 
optical signal are connected through an optical trans- 25 
mission line. The SV signal is transmitted from the hub 
station along a channel exclusively used for the SV sig- 
nal, and the SV signal is looped back by the branch sta- 
tion, thereby forming a path which passes the SV signal 
through all repeater units connected to the system. 30 

The terminal stations used in the system according 
to the present invention includes at least a switch for 
switching an optical path and a repeater unit monitor 
device for generating an SV signal, and operates the 
switch to switch the transmission line when the SV sig- 35 
nal is looped back and when the SV signal is transmit- 
ted or terminated. When the SV signal is transmitted, 
the SV signal generated by the repeater unit monitor 
device is converted into an optical signal for transmis- 
sion. 40 

According to such a system or a terminal station of 
the present invention, it is not necessary to branch an 
SV signal and transmit it to each terminal station. That 
is, the optical path of the SV signal is changed to trans- 
mit the signal to a terminal station, and loop it back to 45 
pass through all the repeater units connected in the sys- 
tem. Accordingly, there is no problem of the deteriora- 
tion of the SV signal from a branching operation, and 
the number of channels used in transmitting an SV sig- 
nal is not so large as the number of the terminals. so 

Especially, according to the present invention, one 
channel can be used in transmitting an SV signal. 
Therefore, a number of channels are not exclusively 
required for the SV signal, or limit a transmission band. 
Therefore, a number of channels can be used in trans- ss 
mining a main signal. 

Furthermore, since a terminal station according to 
the present invention can either loop back an SV signal 



or transmit it, any terminal station can be a hub and 
branch station. Therefore, the SV signal can be trans- 
mitted through an appropriate transmission line formed 
depending on the position of a repeater unit to which the 
SV signal is transmitted. 

Brief Description of the Drawings 

FIG. 1 shows the configuration of a point-topoint 
type transmission line; 

FIGs. 2A through 2C show examples of the opera- 
tion of the optical amplification repeater unit in a 
supervisory signal superposing system; 
FIGs. 3A and 3B show examples of the operation of 
the optical amplification repeater unit in a supervi- 
sory signal wavelength division multiplexing sys- 
tem; 

FIGs. 4A and 4B show examples of a serial optical 
transmission system in a network using the wave- 
length division multiplexing (WDM) technology and 
the concept of an OTDR path in the optical repeater 
unit; 

FIG. 5 shows a ring-type optical transmission sys- 
tem in a network using the wavelength division mul- 
tiplexing (WDM) technology; 
FIG. 6 shows an example of a path through which a 
supervisory signal passes in the optical transmis- 
sion system shown in FIG. 4A; 
FIG. 7 shows another example of a path through 
which a supervisory signal passes in the optical 
transmission system shown in FIG. 4A; 
FIG. 8 shows a further ©cample of a path through 
which a supervisory signal passes in the optical 
transmission system shown in FIG. 4A; 
FIGs. 9A through 9C show an embodiment of the 
present invention; 

FIG. 10 shows an example of the configuration of 
the wavelength multiplexing module and the demul- 
tiplexing module; 

FIGs. 1 1 A through 1 1 C show examples of the con- 
figurations for transmission and loop-back of an SV 
signal in a terminal station; 

FIG. 12 shows a configuration with which a 
response signal is received in a terminal station; 
FIG. 13 shows an example of the configuration with 
which an SV signal is received and a response sig- 
nal is transmitted in a repeater unit; , 
FIG. 14 shows a general configuration of the SV 
signal receiving circuit shown in FIG. 13; 
FIG. 1 5 is a block diagram explaining the transfer of 
a supervisory signal as the first feature of the 
present invention; 

FIG. 16 explains the function of tr ans f er r i ng s 

supervisory signal in a terminal station; 

FIG. 17 shows an example of an optical path 

formed in such a way that a supervisory signal 

passes through all transmission lines; 

FIG. 18 shows an example of assigning a wave- 
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length for supervisory control; 
FIG. 19 shows the concept of the first embodiment 
according to the present invention; 
FIG. 20 is a block diagram showing the embodi- 
ment shown in FIG. 19; 5 
FIG. 21 is a block diagram showing the principle of 
realizing the function of transferring a supervisory 
signal in an optical transmitting/receiving terminal 
station; 

FIG. 22 is a block diagram showing an example of 10 
the configuration of the optical transmitting/receiv- 
ing terminal station having the function of transfer- 
ring the supervisory signal shown in FIG. 21; 
FIG. 23 is another block diagram showing an exam- 
ple of the configuration of the optical transmit- is 
ting/receiving terminal station having the function of 
transferring the supervisory signal shown in FIG. 
21; 

FIG. 24 is a block diagram showing an example of 
the configuration in which repeater units in a net- 20 
work can be monitored from a terminal station; 
FIG. 25 is a block diagram showing an embodiment 
forming an optical path for a supervisory signal; 
FIG. 26 is a block diagram showing an embodiment 
obtained by modifying the embodiment shown in 25 
FIG. 25; 

FIG. 27 is a block diagram of an embodiment 
obtained by modifying the embodiment shown in 
FIG. 26; 

FIG. 28 shows an example of a configuration of 30 
realizing a branch and a coupling of a supervisory 
signal light in the optical wavelength multiplex- 
ing/demultiplexing unit 1 and 2 shown in FIG. 27; 
FIG. 29 is a block diagram showing an embodiment 
of forming optical up-path and down-path connect- 35 
ing two adjacent terminal stations to pass a signal 
light modulated according to a supervisory signal; 
FIG. 30 is a block diagram showing an example of 
the configuration in which a supervisory signal is 
received by an optical amplifier of a repeater unit 40 
which cannot directly receive the supervisory sig- 
nal; 

FIG. 31 is a block diagram showing an example of 
the configuration of an optical transmitting/receiving 
terminal station capable of routing a supervisory 45 
signal; and 

FIGs. 32A and 32B show examples of the configu- 
rations of the optical wavelength multiplex- 
ing/demultiplexing unit in each embodiment of the 
present invention. so 

Description of the Preferred Embodiments 

FIGs. 9 A through 9C show examples of embodi- 
ments according to the present invention. 55 

FIG. 9A shows the first embodiment of the present 
invention in which four terminal stations are provided. 
That is, hub stations A and B and branch stations 1 and 



2 correspond to respective terminal stations. According 
to the present embodiment, one channel is provided for 
SV signal transmission to loop back an SV signal at 
each branch station and connect a communications line 
to a hub station which is a source station of the SV sig- 
nal. 

That is, the SV signal output from the hub station A 
is not terminated by the branch stations 1 and 2, but is 
looped back and terminated by a hub station B which is 
a source station of the SV signal. An SV signal output 
from the hub station B is looped back by the branch sta- 
tions 1 and 2, and terminated by the hub station A. 
When the SV signal is transmitted from the hub stations 
A and B, it is turned by the optical wavelength multiplex- 
ing/demultiplexing unit 10 and transmitted to the branch 
stations 1 and 2. 

There are a plurality of repeater units (not shown in 
FIGs. 9A through 9C) provided among the hub stations 
A and B, branch stations 1 and 2, and the optical wave- 
length multiplexing/demultiplexing unit 10. The SV sig- 
nal is designed to pass through all these repeater units. 
Therefore, a path is formed in such a way that the SV 
signal is not terminated at each terminal station, but is 
looped back to pass through all repeater units and ter- 
minated at an appropriate terminal station. Thus, one 
channel is enough to transmit an SV signal in a system 
in which a plurality of terminal stations are connected. 
Only one channel is required because there are only the 
source hub station A and the destination hub station B 
in the system. Therefore, since it is not necessary to 
branch an SV signal, the number of channels can be 
smaller than the number of terminal stations, thereby 
avoiding a waste of bands. 

The hub stations A and B transmit and terminate an 
SV signal. A response signal from a repeater unit is 
superposed on the main signal, transmitted through the 
main circuit, and received by a terminal station in which 
a repeater unit which has issued a response signal is 
connected trough the main circuit. Therefore, the termi- 
nal station has the function of obtaining the state 
(input/output state, temperature, etc.) of the repeater 
unit. 

FIG. 9B shows an example of the configuration of 
the optical wavelength multiplexing/demultiplexing unit. 

As shown in FIG. 9B, the optical wavelength multi- 
plexing/demultiplexing unit 10 comprises a demultiplex- 
ing module 11-1,11-2, and a multiplexing module 12-1, 
12-2. An optical signal input to the demultiplexing mod- 
ule 1 1 -1 is branched to a line containing only a main sig- 
nal and a line containing an SV signal and is connected 
to a branch station. An optical signal input to the demul- 
tiplexing module 1 1 -2 is also branched to a line contain- 
ing an SV signal and is connected to a branch station 
and a line containing only a main signal. The multiplex- 
ing module 12-1 receives an optical signal of a line con- 
taining only a main signal from the demultiplexing 
module 11-1 and an optical signal containing an SV sig- 
nal looped back from a branch station, and' multiplexes 
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and transmits them to a hub station. Similarly, a line 
containing only a main signal from the demultiplexing 
module 1 1 -2 and a line containing an SV signal from a 
branch station are connected to the multiplexing module 
1 2-2. The multiplexing module 1 2-2 multiplexes the opti- 5 
cal signals and transmits them to a hub station. 

FIG. 9C shows an example of another embodiment 
of the present invention. 

With the configuration shown in FIG. 9C, the hub 
station B does not terminate an SV signal, but loops it 10 
back like a branch station. FIG. 9A shows the configura- 
tion in which two hub stations are provided for compre- 
hensibility. However, the present invention can 
fundamentally function using one hub station only. 

That is, an SV signal is issued and received by the is 
same terminal station. This is equivalent to a set of a 
source terminal station and a destination terminal sta- 
tion for an SV signal. Therefore, only one channel is 
required for an SV signal. Furthermore, since the signal 
is looped back by each of the branch station and the hub 20 
station, rt can be designed to pass through all repeater 
units (not shown in FIG. 9) in the system. 

Thus, providing a source and a loop-back path at a 
terminal station for an SV signal allows any terminal sta- 
tion to be used as a hub station and a branch station. 25 
Therefore, the terminal stations can be sequentially 
switched one after the other to be used as a hub station. 

An SV signal is not constantly transmitted, but is 
output as necessary Since the SV signal is wavelength- 
division-multiplexed to a main signal for transmission, 30 
the optical output of the entire optical signal depends on 
whether the SV signal is not transmitted or the SV signal 
is transmitted as a main signal. As a result, the trans- 
mission characteristic is quite different between the 
cases. Therefore, when the SV signal is not transmitted, 35 
a pseudo-signal whose output is equivalent to that of 
the SV signal is transmitted to keep the output of the 
entire optical signal constant. Thus, the transmission 
characteristic can be prevented from deteriorating with 
a change of optical output. 40 

As described above, it is not necessary to branch 
an SV signal by looping back the SV signal at a terminal 
station according to the present invention, the SV signal 
can be transmitted to all repeater units without attenuat- 
ing optical output. Therefore, only one channel is 45 
required to transmit an SV signal, and can avoid a waste 
of communications bands along a number of channel for 
the SV signal. 

When an optical fiber is checked in the OTDR 
method by designing the path of an SV signal in a way so 
that the SV signal passes through all terminal stations 
and repeater units according to the present invention, 
all paths can be checked using the wavelength of the 
SV signal. Therefore, only one of the plurality of terminal 
stations should issue an optical signal based on the ss 
OTDR method. As a result, the optical fiber system can 
be easily checked in the OTDR method. 

FIG. 10 shows an example of the configuration of a 



multiplexing module and a demultiplexing module. 

An input optical signal is output to a f toer grating 21 - 
1 through a circulator 22-1 . In the fiber grating 21 -1 , the 
wavelength (drop wavelength), whose line should be 
switched, of the optical signal and the SV signal is 
reflected, input to the circulator 22-1 again, and output 
to the DROP direction. The light of a wavelength other 
than the drop wavelength and the SV wavelength 
passes through the fiber grating 21 -1 as is. also passes 
through an isolator 20, and is input to the multiplexing 
module 12. 

An optical signal directly received from the demulti- 
plexing module 11 passes a fiber grating 21-2 as is, 
passes a circulator 22-2. and is transmitted to an output 
side. On the other hand, an SV signal or a main signal 
from the branch station are input from the ADD side to 
the multiplexing module 12. and are input to the fiber 
grating 21-2 through the circulator 22-2. In the fiber grat- 
ing 21 -2, optical signals of the wavelength (add wave- 
length) of the main signal to be multiplexed with the 
wavelength of the SV signal are reflected and input to 
the circulator 22-2. 

The isolator 20 is provided between the demulti- 
plexing module and the multiplexing module to prevent 
a part of an optical signal from propagating backward in 
the line when the optical signal from ADD is not com- 
pletely reflected by the ftoer grating 21-2 and a part of 
the optical signal passes through the fiber grating 21-2. 

Thus, a part of the input SV signal and the main sig- 
nal is output toward DROP and transmitted to a branch 
station. The SV signal and the main signal from the 
branch station are input from ADD to the multiplexing 
module 12, and multiplexed with the optical signal 
directly input from the demultiplexing module 1 1 and 
transmitted for output. The hub station B can be pro- 
vided as shown in FIG. 9A on the output side, or the hub 
station B can function as the branch station for looping 
back an SV signal as shown in FIG. 9C. 

The configuration of the demultiplexing module 1 1 
or the multiplexing module 12 shown in FIG. 10 is an 
example, and is not limited to this application. 

FIGs. 11 A through 11C show an example of the 
configuration in which an SV signal is transmitted or 
looped back in a terminal station. 

FIG. 11 A shows an example of the configuration 
(1R configuration) with which an SV signal is looped 
back as an optical signal. 

Noises, etc. are removed from an input SV signal 
when the signal passes through a band pass filter 25. 
Then, the signal is transmitted to an optical amplifier 26. 
The optical amplifier 26 amplifies the SV signal as an 
optical signal. By closing an optical switch 27, the SV 
signal from the optical amplifier 26 is output as is. and 
looped back by a terminal station (branch station). 

By keeping the optical switch 27 open, a repeater 
supervising device 29 issues an SV commend, and an 
SV signal transmitter 28 generates an SV signal of an 
optical signal, and outputs it through the optical switch 
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27. At this time, the repeater supervising device 29 
opens the optical switch 27 through a control line 30. 

With the above described configuration, a terminal 
station can be a branch station for looping back an SV 
signal and can be a hub station for transmitting the SV s 
signal. 

FIG. 1 1 B shows an example of the configuration 
(2R configuration) with which an SV signal is looped 
back after its waveform is reshaped. 

Only the SV signal is extracted from the input opti- 10 
cat signal by the band pass filter 25, and converted into 
an electrical signal by a photodiode 31. An analog 
switch is provided for an identification circuit 32. When 
the switch is closed, a signal is received from the photo- 
diode 31 . After reshaping the waveform of the signal, it 15 
is transmitted to an SV signal transmitter 33. The SV 
signal transmitter 33 converts the electrical signal into 
an optical signal, and outputs the result to the output 
side. Thus, the function of the branch station with the 2R 
configuration can be performed. so 

When the analog switch in the identification circuit 

32 is open, an SV command signal (electrical signal) 
from the repeater supervising device 29 is input to the 
identification circuit 32, and transmitted to the SV signal 
transmitter 33. The SV signal transmitter 33 converts 25 
the electrical signal into an optical signal and outputs it 

to the output side as described above. Thus, the func- 
tion of a hub station can be successfully performed. 

FIG. 11C shows an example of the configuration 
(3R configuration) with which an SV signal is synchro- 30 
nized and looped back. Only the SV signal is extracted 
from the input optical signal by the band pass filter 25. 
The extracted SV signal is converted into an electrical 
signal by the photodiode 31. The electrical signal is 
transmitted to the identification circuit 32. A negative 35 
feedback is applied by a PLL circuit 34 between the 
photodiode 31 and the identification circuit 32, the 
waveform is reshaped by the identification circuit 32, 
and the signal is transmitted to the SV signal transmitter 

33 by retiming the SV signal. Thus, the waveform and 40 
the phase of the SV signal which have been deterio- 
rated during the transmission are adjusted. Then, the 

SV signal is converted into an optical signal by the SV 
signal transmitter 33 for output. 

When a terminal station is a hub station, the analog 45 
switch in the identification circuit 32 is open as 
described above, a signal from the repeater supervising 
device 29 is passed to the SV signal transmitter 33, and 
is converted into an optical signal for output. 

FIG. 12 shows the configuration in which a so 
response signal is received by a terminal station. 

The configuration in which a response signal is 
received includes, as shown in FIG. 12, an optical 
amplifier 35; a photodiode 36, an electric amplifier 37, a 
low-pass filter 38, and a frequency counter 39. Since 55 
the optical signal input through a transmission line is 
attenuated through the propagation in the transmission 
line, it is amplified by the optical amplifier 35. The optical 



signal amplified by the optical amplifier 35 is converted 
into an electrical signal by the photodiode 36, and then 
amplified by the electric amplifier 37. 

Actually, a circuit for extracting a main signal is pro- 
vided in parallel with a circuit for extracting a response 
signal. However, the circuit for extracting the main signal 
is not shown in FIG. 11 B because the configuration in 
which a response signal is received is mainly described 
here. That is, since a response signal is superposed on 
a main signal, the entire signal containing the response 
signal is processed up to this stage. 

A signal amplified by the electric amplifier 37 is 
passed through the low-pass filter 38, and only a 
response signal is extracted from the entire signal. The 
cut-off frequency of a low-pass filter is, for example, sev- 
eral 10kHz. Passing the signal through the low-pass fil- 
ter 38 removes the components of the main signal, 
noises, etc. The frequency of the response signal 
extracted by the low-pass filter 38 is measured by the 
frequency counter 39. 

In a terminal station (a station for receiving a 
response signal regardless of a branch or a hub sta- 
tion), a correspondence table between the frequency of 
a response signal and a monitor value of each state of a 
repeater unit is preliminarily stored. The state of the 
repeater unit which returns a response signal can be 
obtained from the frequency of the response signal 
obtained as described above. 

FIG. 13 shows an example of the configuration in 
which an SV signal is received and a response signal is 
transmitted through a repeater unit. 

An up-line and a down-line are connected to the 
repeater unit, and are respectively provided with an SV 
receiving circuit and a response signal transmission cir- 
cuit 

An optical signal input through the repeater unit 
passes through couplers 40-1 and 40-4, and are ampli- 
fied by erbium doped f iber amplifiers 46-1 and 46-2. The 
amplified optical signal is branched by the couplers 40- 
2 and 40-5, converted into an electrical signal by photo- 
diodes 42-1 and 42-2, and input to electric amplifiers 
47-1 and 47-2. The electrical signal amplified by the 
electric amplifiers 47-1 and 47-2 is input to laser diodes 

41- 1 and 41 -2, and multiplexed with an input light by the 
couplers 40-1 and 40-4. Thus, the path includes the 
couplers 40-1. 40-2, 40-4, and 40-5. the photodiodes 

42- 1 and 42-2, the electric amplifiers 47-1 and 47-2, 
and the laser diodes 41-1 and 41-2, and applies a neg- 
ative feedback to the erbium doped fiber amplifiers 46-1 
and 46-2. The optical signal output from the couplers 
40-2 and 40-5 is controlled to be a constant level. 

The optical signal output from the couplers 40-2 
and 40-5 is branched by the couplers 40-3 and 40-6. 
and the wavelength of the SV signal is extracted 
through optical filters 43-1 and 43-2. The extracted SV 
signal is converted into an electrical signal by the photo- 
diodes 42-3 and 42-4, and passes through electric fil- 
ters 44-1 and 44-2 of a narrow band to remove noises. 



11 



3NSCXDC10 <EP 0869694A2_L> 



21 



EP0869 694 A2 



22 



Thus, the extracted SV signal is received as an 
electrical signal by SV receiving circuits 45-1 and 45-2. 
The SV receiving circuits 45-1 and 45-2 extract the 
repeater unit number contained in the SV signal. If the 
number refers to its own repeater unit, the SV command 
is extracted from the SV signal, the state of the repeater 
unit is obtained according to the command, and a 
response signal is generated. The generated response 
signal is converted into an optical signal by the laser 
diodes 41-1 and 41 -2, and superposed on the main sig- 
nal for transmission. The response signal can be trans- 
mitted between the SV receiving circuits 45-1 and 45-2. 
Each of the SV receiving circuits 45-1 and 45-2 can 
transmit response signals to both up-line and down-line. 

Particularly, the SV signal extracted through the 
optical filters 43-1 and 43-2 and the main signal are 
transmitted along different channels. The response sig- 
nal output from the SV receiving circuit is converted into 
an optical signal by the laser diodes 41 -1 and 41-2, and 
superposed on the main signal for transmission to the 
output terminal of the repeater unit. 

FIG. 13 shows an example of the repeater unit in 
the 1R system using an erbium doped fiber amplifier. 
This system can be replaced with the 2R system in 
which an optical signal is converted into an electrical 
signal, and waveform reshaped for transmission, or with 
the 3R system in which the phase conformity as well as 
the waveform reshaping is performed. 

FIG. 14 shows the general configuration of the SV 
receiving circuit shown in FIG. 13. 

The SV receiving circuit is an electric circuit, and 
comprises an amplifier 50, a demodulation circuit 51 , an 
interface circuit 52, an SV signal identif ication circuit 53, 
and a response signal generation unit 54. 

The SV signal input to the SV receiving circuit 
shown in FIG. 14 is amplified by the amplifier 50 and 
transmitted to the demodulation circuit 51 . The SV sig- 
nal demodulated by the demodulation circuit 51 is trans- 
mitted to the interface circuit 52 and the demodulation 
circuit of the SV receiving circuit in the opposite line, 
and used as a signal demodulated by the demodulation 
circuit in the opposite line. An opposite line refers to a 
down-line to an up-line, and an up-line to a down-line. 
Therefore, a xxx circuit in the opposite line refers to a 
corresponding circuit in the SV receiving circuit in the 
down-line if the SV receiving circuit shown in FIG. 14 is 
provided in the up-line. If it is provided in the down-line, 
then it refers to a corresponding circuit in the up-line. 

The interface circuit 52 retrieves information con- 
tained in the SV signal transmitted from the demodula- 
tion circuit 51 . That is, the SV signal contains a repeater 
unit number, a supervisory control command, etc. which 
are extracted in a predetermined format. Furthermore, a 
repeater unit number and a supervisory control com- 
mand of the SV signal received in the opposite line are 
also transmitted to the interface circuit 52 and then to 
the next interface circuit 52. The SV signal identification 
circuit 53 determines whether or not the repeater unit 



number contained in the SV signal belongs to its own 
circuit. If not. the signal is not transmitted to the next 
stage, but terminated in this circuit. The SV signals not 
branched in the couplers 40-3 and 40-6 are transmitted 
5 to the next repeater unit. 

If the repeater unit number of the repeater unit 
belonging to the SV signal identification circuit 53 is set 
therein, the SV signal identification circuit 53 translates 
the supervisory control command and obtains the state 
10 of its own repeater unit. Then, it transmits a signal indi- 
cating the state of its own repeater unit to the response 
signal generation unit 54, generates a signal of the fre- 
quency indicating the state of its repeater unit, and out- 
puts it to the LD drive circuit including a laser diode 
is (LD). The response signal generation unit 54 also trans- 
mits and receives a signal to and from the response sig- 
nal generation unit in the opposite line so that the same 
response signal can be generated in the up-line and the 
down-line. 

20 With the configuration of looping back an SV signal 
at a terminal station by branching the SV signal through 
an optical wavelength multiplexing/demultiplexing unit, 
only one channel is required to transmit an SV signal 
even if a number of terminal stations are connected 

25 through the optical wavelength multiplexing/demulti- 
plexing unit, thereby avoiding a waste of a number of 
channels exclusively used for transmission of an SV sig- 
nal. As a result, a communications band can be effi- 
ciently used. 

30 FIG. 1 5 is a block diagram explaining the transfer of 
a supervisory signal as the first feature of the present 
invention. In the attached drawings beiow. the same or 
similar units are assigned the same reference number. 
In this embodiment, the transfer of a supervisory 

35 signal refers to transmitting a supervisory signal by a 
terminal station, receiving it by another terminal station, 
and then transferring it to a repeater unit. In FIG. 15, a 
pair of optical fibers OPC 1 and OPC 2 are connected 
as an up-line and a down-line to four terminal stations A, 

40 B, C, and D through optical wavelength multiplex- 
ing/demultiplexing units 61 and 62. 

For example, if a signal light having a wavelength 
W 2 is modulated according to a supervisory signal and 
transmitted by the terminal station A, the supervisory 

45 signal can be transmitted only to the repeater unit (not 
shown in FIG. 15) provided between the terminal sta- 
tions A and C. However, if the supervisory signal is 
transferred from the terminal station C to the terminal 
station D, then the supervisory signal, which is a com- 

so mand signal, can also be transmitted to a repeater unit 
(not shown in FIG. 15) provided between the terminal 
stations C and D. 

A signal light modulated according to the supervi- 
sory signal can be from the main signal, or a light exclu- 

55 sive for a supervisory signal. The supervisory signal can 
be transferred by providing the function of transferring 
the supervisory signal in each terminal station.^ 

FIG. 1 6 shows an example of the general conf igura- 
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tion of a terminal station capable of transferring a super- 
visory signal. In this example, the supervisory signal is 
superposed on a main signal having a wavelength Wq. 
In a terminal station, an optical wavelength demulti- 
plexer 70 demultiplexes the wavelength of a signal light 5 
having a wavelength W 0 modulated according to the 
supervisory signal from a WDM signal. The lights hav- 
ing other wavelengths are input to a main signal 
processing unit (not shown in FIG. 16) corresponding to 
each wavelength and a main signal modulated to each w 
wavelength is extracted. 

An optical branch circuit 64 branches an optical sig- 
nal having a wavelength W D into a main signal and a 
supervisory signal. The branched main signal is input to 
the main signal processing unit (not shown in FIG. 16). 15 
and the supervisory signal is input to the supervisory 
signal processing unit 65. 

In the supervisory signal processing unit 65, an 
opto-electrical converter 1 10 converts an optical signal 
into an electrical signal, and a supervisory signal regen- 20 
eration unit 1 1 1 regenerates the supervisory signal. 

Then, the supervisory signal regenerated by the 
supervisory signal regeneration unit 1 1 1 is converted 
into a signal superposed on a bias current of a laser 67 
emitted with a predetermined wavelength in a transmit- 25 
ting unit 66. 

Therefore, the transmitting unit 66 drives a laser 
diode LD for emitting a light having a wavelength Wy 
through a drive current obtained by superposing a 
supervisory signal on a bias current. Furthermore, the 30 
output of the laser diode LD is modulated by the exter- 
nal modulator 63 according to the main signal transmit- 
ted from a corresponding terminal station. 

Then, the output from an external modulator 63 is 
input to an optical wavelength multiplexing unit 71 . The 35 
optical wavelength multiplexing unit 71 multiplexes an 
optical signal having a different wavelength from the 
transmitting unit with an input light from the external 
modulator 63. and outputs the result to an optical trans- 
mission line. 40 

With the configuration, a terminal station can issue 
its own supervisory signal from a signal processing cir- 
cuit 112. 

The second feature of the present invention is to 
extend the range in which a supervisory signal can 45 
reach an optical repeater unit. That is, a supervisory 
signal is transmitted to all optical repeater units in the 
network. 

Therefore, according to the present invention, an 
optical path for a supervisory signal is formed in such a so 
way that a supervisory signal transmitted from an 
optional terminal station passes through the entire net- 
work. The optical path is used with a termfnaf s teflon 
capable of transferring a supervisory signal to form an 
optical transmission path such that the supervisory sig- 55 
nal passes through the entire optical repeater unit. 

FIG. 1 7 shows an example showing an optical path 
of a supervisory signal indicated by bold lines with 



arrows. Each transmission line is selected such that all 
terminal stations are connected through the optical 
path- 

The optical path of a supervisory signal shown in 
FIG. 17 can be formed by selecting an optical path 
including all transmission lines from among the optical 
paths already formed for the main signal, or can be 
formed exclusively for a supervisory signal. 

in this case, the following conditions should be sat- 
isfied. That is, an optical path of a supervisory signal 
should not overlap another path in a fiber if possible. 
The distance of each optical path should be as short as 
possible. The number of wavelengths should be as 
small as possible. The wavelengths to be used are iden- 
tical to each other if possible. 

The wavelength band at which a signal can be 
transmitted is limited mainly by a gain wavelength band 
of an optical amplifier. To effectively use the transmis- 
sion band, the number of multiplexed wavelengths to be 
used in supervisory control should be as small as pos- 
sible. Furthermore, the wavelengths to be used in 
supervisory control should be identical to each other if 
possible. For example, if the wavelengths are identical 
to each other, the wavelengths passing through the opti- 
cal filter can be united in all optical repeater units when 
an optical filter is used in an optical repeater unit to 
receive a supervisory signal. 

It is easy in a linear or ring-shaped WDM network to 
form an optical path for a supervisory signal to satisfy 
the above described conditions. For example, in the net- 
work shown in FIG. 17, wavelengths W 3 , W 4 , and W 2 
are used for a supervisory signal. However, by assign- 
ing a wavelength as shown in FIG. 18, the wavelengths 
for supervisory control can be unified into W 4 . 

When the supervisory signal superposing system 
shown in FIGs. 2A through 2C is adopted, the optical 
path for a supervisory signal can also be used for a 
main signal. In the examples of a network shown in 
FIGs. 17 and 18, the number of optical paths for the 
main signal is equal to the number of those for the 
supervisory signal. That is, the change of the wave- 
length assignment does not limit the optical path of the 
main signal. 

FIG. 19 shows the concept of the first embodiment 
of the present invention. The terminal stations A through 
D are connected to the optical wavelength multiplex- 
ing/demultiplexing units 61 and 62 through an optical 
repeater amplifier not shown in FIG. 19. When a super- 
visory signal is transmitted to the repeater unit between 
the terminal stations B and D, the supervisory signal is 
transmitted from the terminal station A to the terminal 
station B. Then, the supervisory signal is transferred 
from the ten 1 11 raf station B to an optical repeater ampli- 
fier to be monitored between the terminal stations B and 
D. 

A method of transmitting a supervisory signal from 
the terminal station A to the terminal station B can be 
realized using an electric communications~system. For 
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example, in a transmission system using an SDH code, 
a part of the main signal data can be used as a commu- 
nications line for monitor (order wire). Therefore, if a 
communications path for a main signal exists between 
two terminal stations in the WDM network, a supervi- s 
sory signal can be transferred using an order wire. 

FIG. 20 is a block diagram showing the embodi- 
ment in FIG. 19. A signal light having a wavelength W 2 
among the wavelength-division-muHiplexed signals 
(WDM signals) is modulated according to a supervisory w 
signal, and transmitted from the terminal station A. The 
terminal station B receives a supervisory signal by 
selecting the wavelength of the signal light having a 
wavelength W 2 . The terminal station B modulates the 
signal light having a wavelength W 4 according to the is 
received supervisory signal, and then multiplexes the 
light with another signal light for transmission. 

Thus, a supervisory signal can be transmitted from 
the terminal station A to repeater units (not shown in 
FIG. 20) between the terminal stations B and D. A signal so 
light modulated according to a supervisory signal can 
be the light of the main signal, and can be an exclusive 
light for a supervisory signal. 

Therefore, to realize this system, an optical trans- 
mitting/receiving terminal station capable of transferring 25 
a supervisory signal to repeater units is newly required. 

FIG. 21 is a block diagram showing an example of 
the configuration for realizing the function of transferring 
a supervisory signal in the optical transmitting/receiving 
terminal station. The configuration includes the optical 30 
wavelength demultiplexer 70, the optical wavelength 
multiplexing unit 71 , and a wavelength converter 90. A 
signal light having a wavelength (W D ) modulated 
according to a supervisory signal is isolated from the 
WDM signal having a plurality of wavelengths W 1 35 
through W n received through a transmission line by the 
optical wavelength demultiplexing unit 70. The signal 
lights having other wavelengths are transmitted as is to 
processing units for processing other wavelengths. 

The isolated signal light having the wavelength W D 40 
is converted into a signal light having the wavelength 
W(j by the wavelength converter 90, wavelength-multi- 
plexed by the optical wavelength multiplexing unit 71 
with the WDM signal from a processing unit for other 
wavelengths, and transmitted through a transmission 45 
line. The wavelength converter 90 can be a circuit, etc. 
to which a semiconductor optical amplifier is applied. 

FIG. 22 is a block diagram showing an example of 
the configuration of the wavelength converter 90 in the 
optical transmitting/receiving terminal station capable of so 
transferring a supervisory signal shown in FIG. 21 . With 
this configuration of a terminal station, a signal light hav- 
ing a wavelength W D modulated according to a supervi- 
sory signal is isolated from the WDM signal by the 
optical wavelength demultiplexing unit 70 as shown in ss 
FIG. 21. 

When a supervisory signal is superposed on a 
main signal, the optical branch circuit 64 branches a sig- 



nal light to a main signal processing unit (not shown in 
FIG. 22) and the supervisory signal processing unit 65. 
If the signal light is exclusively used for a supervisory 
signal, the optical branch circuit 64 is not required. 

The supervisory signal processing unit 65 performs 
an opto-electrical conversion through the opto-electrical 
converter 1 10 on a signal light. The supervisory signal 
converted into an electrical signal is received and 
regenerated by the supervisory signal regeneration unit 
111. Then, the electrical current superposed on the bias 
current of the laser diode is generated by the signal 
processing circuit 112 according to the received and 
regenerated supervisory signal. 

Therefore, in the transmitting unit 66, the electrical 
current for the supervisory signal is superposed on the 
bias current from a bias current source 130, and drives 
the laser diode LD which emits a light having a wave- 
length Wy Thus, the laser diode LD outputs a light hav- 
ing a wavelength W y which is intensity-modulated 
according to the supervisory signal. The light output 
from the laser diode LD is furthermore modulated 
according to the main signal by the external modulator 
63, and output from the transmitting unit 66. 

The output light from the external modulator 63 is 
multiplexed with a signal having another wavelength by 
the optical wavelength multiplexing unit 71, and trans- 
mitted through a transmission line. The signal process- 
ing circuit 112 can also output a supervisory signal 
transmitted from the repeater unit only to convert the 
wavelength and transmit it through the transmission 
line. 

FIG. 23 shows an example of a variation of the con- 
figuration shown in FIG. 22. In FIG. 22, the received 
light having a wavelength W D is branched by the optical 
branch circuit 64, and the supervisory signal and the 
main signal are extracted in different circuits. On the 
other hand, FIG. 23 shows the configuration in which a 
main signal processing unit 69 extracts a main signal 
and a supervisory signal. Therefore, the optical branch 
circuit 64 in FIG. 22 is not provided in FIG. 23. 

The configuration of the main signal processing unit 
69 shown in FIG. 23 is fundamentally similar to the con- 
figuration of the supervisory signal processing unit 65 
shown in FIG. 22. That is, in the supervisory signal 
processing unit 65 shown in FIG. 22 and the main signal 
processing unit 69 shown in FIG. 23, the opto-electrical 
converters 110 and 120, and the signal processing cir- 
cuits 1 1 2 and 1 22 have similar functions. 

The supervisory signal regeneration unit 111 
shown in FIG. 22 only regenerates a supervisory signal 
from an electrical signal converted by the optoelectrical 
converter 110. However, a supervisory signal extraction 
circuit 121 shown in FIG. 23 can regenerate and outpt/f 
a main signal in addition to receiving and regenerating a 
supervisory signal. 

In FIG. 23, the operations performed by and after 
the signal processing circuit 122 are similar, to those 
shown in FIG. 22. Therefore, the descriptions are omit- 
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ted here. In FIG. 23, a optical amplifier 68 is provided 
between the transmitting unit 66 and the optica! wave- 
length multiplexing unit 71. It is provided as necessary 
depending on the level of the light output from the laser 
diode 67. 5 

The signal processing circuits 112 and 122 shown 
in FIGs. 22 and 23 can be designed using a CPU. As a 
function of the signal processing circuit, it is determined 
whether or not a supervisory signal should be trans- 
ferred. H not, no supervisory signals are transferred. 10 

A supervisory signal contains information which 
identifies its source terminal station and its destination 
repeater unit. Therefore, the signal processing circuits 
112 and 122 read the identification information, and 
transfers a supervisory signal if a repeater unit to be 15 
monitored exists in the signal light transmission direc- 
tion. If it does not exist, no signals are transferred. 

The above described functions are required to pre- 
vent the supervisory signal input to each of the repeater 
units from overlapping each other. 20 

FIG. 24 is a block diagram showing an example of 
the configuration for forming a combination of optical 
paths for passing all optical transmission lines in the 
WDM network, passing a signal light modulated accord- 
ing to a supervisory signal through the formed optical 25 
path, and performing a supervisory control on a WDM 
network in which a repeater unit in a network can be 
monitored from one terminal station. 

In FIG. 24, an optical path is set such that a super- 
visory signal can pass through all optical transmission 30 
lines using the optical signal having a wavelength W 3 
from the terminal station A to the terminal station C, a 
wavelength W 4 from the terminal station C to the termi- 
nal station B, a wavelength W 2 from the terminal station 
B to the terminal station D, and a wavelength W 4 from 35 
the terminal station D to the terminal station A, with the 
configuration for the supervisory control shown in FIG. 
20. 

Therefore, for example, a supervisory signal can be 
transmitted from the terminal station A to all repeater 40 
units. The optical path for the supervisory signal 
through which the supervisory signal can be transmitted 
to all repeater units should meet the following condi- 
tions. 

In supervisory control, an optical path should not, if <5 
possible, overlap another path in a single optical fiber in 
order to prevent the same supervisory signal from 
reaching the same repeater unit two or more times. 

The distances of optical paths should be as short 
as possible because the shorter the distance is, the bet- so 
ter SNR of the supervisory signal becomes for easier 
signal reception. 

The smallest possible number of wavelengths 
should be used so that the transmission band can be 
efficiently utilized. 55 

The wavelength should be fixed if possible. For 
example, when an optical filter is used for a repeater 
unit to receive a supervisory signal, the center wave- 



length of the optical filter can be unified in all repeater 
units if the wavelength is fixed. 

It is relatively easy in a linear or ring-shaped WDM 
network described by referring to FIG. 4A, 4B, and 5 to 
form an optical path for a supervisory signal in such a 
way that the above described conditions can be satis- 
fied. 

Described below is an embodiment realizing the 
above described optical path for a supervisory signal. 

FIG. 25 shows an example in a linear WDM net- 
work containing four terminal stations with the optical 
wavelength multiplexing/demultiplexing units 61 and 62, 
described later by referring to FIG. 32A, including the 
terminal stations A and B at both ends. Three optical 
paths which connect two adjacent terminal stations, and 
in which a signal passes from the terminal station A to 
the terminal station B, and an optical path which con- 
nects both end terminal stations A and B. and in which 
a signal passes from the terminal station B to the termi- 
nal station A are formed for transmitting a supervisory 
signal. 

That is, in FIG. 25, optical paths for transmitting 
supervisory signals are formed from the terminal station 
A to the adjacent terminal station C. from the terminal 
station C to the adjacent terminal station D, from the ter- 
minal station D to the adjacent terminal station B, and 
from the terminal station B to the adjacent terminal sta- 
tion A. As a result, the signal light modulated according 
to the supervisory signal passes through a total of four 
optical paths. 

Furthermore, when the optical paths are formed as 
described above, the optical wavelength of the supervi- 
sory signal can be fixed (W 4 in the example shown in 
FIG. 25). 

FIG. 26 shows an optical path as a down-line, that 
is, from the terminal station B to the terminal station A 
connected not directly but through the terminal stations 
D and C. In this example shown in FIG. 26, the wave- 
length W 1 is used in the down-line. 

When the optical path is thus designed, the number 
of wavelengths of the supervisory signals can be limited 
to two by setting to W d (W 4 in FIG. 26) the wavelength 
of the signal light of three optical paths in which a signal 
passes from the terminal station A to the terminal sta- 
tion B. and by setting to W u (Wj in FIG. 26) the wave- 
length of the signal light of three optical paths in which a 
signal passes from the terminal station B to the terminal 
station A. 

In this case, the number of wavelengths is larger by 
one than that in the embodiment shown in FIG. 25. 
However, the distance of each optical path can be mini- 
mized. 

In the configuration shown in FIG. 26. the wave- 
length of the supervisory signal is used in the up-line, 
and another wavelength is used in the downline. Using 
the optical wavelength multiplexing/demultiplexing cir- 
cuit having the configuration shown in FIG. 32B 
described later, the transmission line connected to the 
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terminal stations C and D requires two fiber transmis- 
sion line, and the same wavelength can be applied to 
the up-line and down-line. 

FIG. 27 shows an embodiment obtained by adding 
a further modification to the configuration shown in FIG. 
26. In the optical path configuration shown in FIG. 26, it 
is necessary to use two wavelengths for a supervisory 
signal. If the supervisory signal pass through a path 
exclusive for a supervisory signal, then the supervisory 
signal can be transmitted to all optical repeater units 
using only one wavelength. 

In this method, an optical path is formed as shown 
in FIG. 27. The signal light having a wavelength W 4 is 
used as a supervisory signal from the terminal station. 
The light of the supervisory signal transmitted from the 
terminal station A is led to the two adjacent terminal sta- 
tions B and C branched in power in the optical wave- 
length multiplexing/demultiplexing units 61 and 62. The 
lights of the supervisory signals transmitted from the 
two adjacent terminal stations B and C are multiplexed 
in power with each other by the optical wavelength mul- 
tiplexing/demultiplexing units 61 and 62, and input to the 
terminal station A. By setting such an optical path for all 
terminal stations, a supervisory signal having one wave- 
length can be transmitted to all repeater units. 

FIG. 28 shows an example of the configuration for 
realizing the branching and the coupling of the lights of 
supervisory signals in the optical wavelength multiplex- 
ing/demultiplexing units 61 and 62 shown in FIG. 27. As 
shown in FIG. 28, the configuration includes optical 
wavelength demultiplexers 161 through 163, optical 
wavelength multiplexers 164 through 166, and optical 
couplers 167 and 168. 

The WDM optical signal having wavelengths W 1 
through W 4 transmitted from the optical fiber transmis- 
sion line is demultiplexed into signals of each wave- 
length by the optical wavelength demultiplexer 161. 
When an optical signal having one of the wavelengths is 
applied in FIG. 23, the optical signal having a wave- 
length W 4 is branched in power by the optical coupler 
167, and input to the adjacent optical wavelength multi- 
plexer 166. 

The WDM optical signal input to the optical wave- 
length demultiplexer 163 is demultiplexed into signals 
having respective wavelengths. An optical signal having 
one of the wavelengths among them is input to the opti- 
cal coupler 168, branched in power, and input to the 
optical wavelength multiplexers 164 and 165. The con- 
figuration shown in FIG. 27 can be realized by the above 
described optical wavelength multiplexing/demultiplex- 
ing units. 

FIG. 29 shows an embodiment in a linear WDM net- 
work containing N terminal stations comprising plural 
pairs of fibers. An up-line and a down-line optical paths 
(total of 2N - 2) connecting adjacent two terminal sta- 
tions are set, and an up-line and a down-line are 
assigned to different fber transmission lines. A signal 
light modulated according to a supervisory signal 



passes through the optical path. 

FIG. 29 shows an example of applying two pairs of 
optical fibers OFP 1 and OFP 2. A terminal station x-1 
and a terminal station x-2 ( x = A, B, C, and D ) are pro- 

5 vided for the same station. The terminal station x-1 is 
used for the optical fiber pair OFP 1 while the terminal 
station x-2 is used for the optical fiber pair OFP 2. 

Furthermore, the optical fiber pairs OFP 1 and OFP 
2 exist in the same cable. 

10 Thus, in the linear-type WDM network having N ter- 
minal stations comprising plural pairs of fibers, an up- 
line and a down-line optical paths (total of 2N - 2) con- 
necting adjacent two terminal stations are set, and an 
up-line and a down-line are assigned to different fiber 

is transmission lines. 

A signal light modulated according to a supervisory 
signal passes through a total of N optical paths. It is 
necessary to use two wavelengths for a supervisory sig- 
nal according to the embodiment shown in FIG. 26. 

20 However, when two fiber pairs OFP 1 and OFP 2 are 
available, an optical path is set as shown in FIG. 29 to 
use same wavelength for a supervisory signal. 

It can also be easily realized in a ring-shaped net- 
work based on the embodiment in the above described 

25 linear network shown in FIGs. 27 and 29. 

Furthermore, a supervisory signal can be transmit- 
ted from an optional terminal station to an optional 
repeater unit in the linear or a ring-shaped WDM net- 
work by combining the above described embodiments. 

30 In FIGs. 25 through 27, and Figure 29, the bold lines 
between the terminal stations indicate the paths 
through which a supervisory signal is transferred. 

According to the above described embodiment, it is 
satisfied that the optical path of the light of a supervisory 

35 signal is designed not to overlap another path, the dis- 
tance of each optical path is as short as possible. The 
number of wavelengths to be used is as small as possi- 
ble, and the wavelength to be used should be fixed, if 
possible. 

40 The light of the supervisory signal is modulated 
according to the main signal (data signal), and can be 
superposed on the main signal, or exclusively used as a 
supervisory signal. When the optical paths of the main 
signal are designed in a full-mesh form (in such a way 

45 that all two terminal stations are assigned optical 
paths), the optical path can also be used in transmitting 
a main signal. Therefore, it is more effective to use opti- 
cal paths in a superposing system than to use them 
exclusively for a supervisory signal. 

so Furthermore, to improve the reception sensitivity of 
a supervisory signal in a repeater unit it is effective to 
provide an optical filter for a supervisory signal receiv- 
ing unit of the repeater unit to remove unnecessary 
wavelength components. In this case, an optical filter 

55 can be used by setting a fixed wavelength of a supervi- 
sory signal, and the center wavelength can be uniquely 
specified for all repeater units. 

Refer to FIG. 26 again and assume that a supervi- 
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sory signal is transmitted from the terminal station A to 
a repeater unit between the terminal stations D and B. 
The terminal station A modulates the signal light having 
a wavelength W 4 according to the supervisory signal for 
transmission. The terminal station C receives the signal 5 
light having the wavelength W 4t modulates again the 
signal light having the wavelength W 4 according to the 
supervisory signal for transmission. That is, the supervi- 
sory signal is transferred. 

Like the terminal station C, the terminal station D 10 
transfers a supervisory signal. Thus, the supervisory 
signal reaches the repeater unit between the terminal 
stations D and 8. The supervisory signal circulates in 
the system unless the terminal station D stops transfer- 
ring the supervisory signal because the supervisory sig- is 
nal reaches the terminal station D after it has reached a 
repeater unit to be monitored. That is, the same super- 
visory signal repeatedly reaches the repeater unit. 
When the optical paths overlap each other as shown in 
FIG. 26, there arises the problem that the supervisory 20 
signal reaches the same repeater unit twice. 

Identification information is used to solve the prob- 
lem. That is, the signal light having the wavelength W 4 
reaches the terminal station B after it has reached the 
repeater unit between the terminal stations D and B. 25 
Therefore, the terminal station B recognizes that the 
signal has been transmitted from the terminal station A 
to the repeater unit between the terminal stations D and 
B according to the identification information contained in 
the supervisory signal. Then, it determines that further 30 
transferring the supervisory signal is not significant, and 
stops transferring the supervisory signal. As a result, a 
repeater unit does not receive the same supervisory 
signal twice. 

With the configuration shown in FIG. 29, two pairs 35 
of optical fibers are used, and a repeater unit is provided 
with four optical amplifiers. However, all of the four opti- 
cal amplifiers cannot receive a supervisory signal. 
Therefore, the repeater unit shown in FIG. 30 can be 
used to solve this problem. 40 

That is, FIG. 30 shows the configuration in which a 
supervisory signal can be received by an optical ampli- 
fier of a repeater unit which cannot directly receive the 
supervisory signal. When an optical amplifier 170 
receives a supervisory signal, the supervisory signal is 45 
transferred from the optical amplifier 1 70 to other optical 
amplifiers 171 through 173. Thus, an optical amplifier 
which cannot directly receive the supervisory signal can 
receive the supervisory signal. 

Furthermore, FIG. 31 shows an example of the con- so 
figuration of an optical transmitting/receiving terminal 
station capable of switching signal wavelengths modu- 
lated according to a supervisory srgnar depending on 
the position of the repeater unit to be monitored, that is, 
routing a supervisory signal. ss 

When a supervisory signal is transmitted to a 
repeater unit between the terminal stations A and B, the 
signal light Having a wavelength W 2 is modulated 



according to the supervisory signal for transmission. 
When the supervisory signal is transmitted to a repeater 
unit between the optical wavelength multiplexing/demul- 
tiplexing unit 61 and the terminal station C, the signal 
light having a wavelength W 3 is modulated according to 
the supervisory signal for transmission. ~ t 

Therefore, two wavelengths W 2 and W 3 can be 
used for supervisory control between the terminal sta- 
tion A and the optical wavelength multiplexing/demulti- 
plexing unit 61 . In this case, one of the two wavelengths 
can be preliminarily set by a switch 80, etc. (W 2 in the 
example shown in FIG. 31) for supervisory control of the 
repeater unit in this area. 

Otherwise, a supervisory signal can be received 
with only one of the wavelengths of the signal light 
observed by providing an optical filter for extracting only 
the supervisory signal to be received by the repeater 
unit. Thus, an optical filter to be provided for a repeater 
unit can be easily designed and produced. 

According to each of the above described embodi- 
ments, an optical wavelength multiplexing/demultiplex- 
ing unit is designed as shown in FIG. 32A. That is, in 
FIG. 32A, the optical wavelength multiplexing/demulti- 
plexing unit comprises three add-drop circuits 1 through 
3. For example, each of the add-drop circuits are 
designed as shown in FIG. 10, and comprises two input 
terminals 11 and 12. and two output terminals 01 and 
02. 

With the optical wavelength multiplexing/demulti- 
plexing unit 61 designed as shown in FIG. 32A using the 
three add-drop circuits, the branch/insertion transmis- 
sion line connected to the terminal station C can be a 
pair of fiber transmission lines as in the above described 
embodiments. However, in such a case, the up-line and 
down-line of the pair of fiber transmission lines con- 
nected to the terminal station C should be set to differ- 
ent wavelengths. 

On the other hand, when the optical wavelength 
multiplexing/demultiplexing unit is designed using two 
add-drop circuits as shown in FIG. 32B, the 
branch/insertion transmission line connected to the ter- 
minal station C can be two pairs of fiber transmission 
lines C1 and C2. In this case, the light from the terminal 
station A to the terminal station C (up-line) and the light 
from the terminal station C to the terminal station A 
(down-line) can be assigned to the same wavelength. 

Furthermore, in the explanation above, a model 
system is a passive WDM network which does not con- 
vert a signal wavelength (optical cross-connection or a 
wavelength routing) in the optical wavelength multiplex- 
ing/demultiplexing unit. However, similar effects can be 
obtained when an active WDM network is applied 
according to the present rnventioiT. 

Described above are the embodiments in which lin- 
ear network and a combination of linear network are 
model systems. The present invention can be applied to 
any network based on these systems. For example, as 
in FIG. 5, a ring-shaped network can transmit a supervi- 
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sory signal from an optional terminal station to a 
repeater unit with the configuration shown in FIGs. 25 
and 26. 

According to the above described embodiments of 
the present invention, a supervisory signal can be trans- s 
mitted from an optional terminal station to an optional 
repeater unit in a WDM network. 

Furthermore, according to the present invention, 
the number of wavelengths of a supervisory signal can 
be set to two or less. The wavelength of the supervisory 
signal can also be a wavelength of a main signal as nec- 
essary. Therefore, a transmission wavelength band can 
be effectively utilized. 

Additionally, since the number of wavelengths of a 
supervisory signal can be limited to two or less, the 
power in receiving the supervisory signal by a repeater 
unit can be enhanced by extracting only the supervisory 
signal using an optical filter in the supervisory signal 
receiving unit of the repeater unit. That is, the supervi- 
sory signal can be easily received by the repeater unit. 

Claims 

1 . A supervisory system in an optical wavelengthmul- 
tiplexed communications network, comprising: 

at least one optical wavelength multiplex- 
ing/demultiplexing unit (10. 61 . 62); 
a plurality of terminal stations connected to at 
least one optical wavelength multiplex- 
ing/demultiplexing unit through an optical trans- 
mission line; and 

a plurality of optical repeater units provided in 
the optical transmission fine, wherein 
a supervisory signal transmitted for said optical 
repeater units from a first terminal station of 
said plurality of terminal stations is received by 
a second terminal station through said optical 
wavelength multiplexing/demultiplexing unit, 
and the received supervisory signal is trans- 
ferred to a third terminal station through said 
optical wavelength multiplexing/demultiplexing 
unit 

2. The system according to claim 1 , wherein 



line assigned to the main signal data. 

3. The system according to claim 1 , wherein 

said first terminal station modulates a signal 
light having at least one wavelength according 
to the supervisory signal, wavelength-multi- 
plexes the signal light having a plurality of 
wavelengths containing the modulated signal 
light, and transmits the multiplexed signal to the 
second terminal station; and 
said second terminal station receives the 
supervisory signal after selecting a wavelength 
from the received signal light, modulates a sig- 
nal light having at least one wavelength accord- 
ing to the received supervisory signal, 
wavelength-multiplexes a signal light having a 
plurality of wavelengths containing the modu- 
lated signal light, and transfers the multiplexed 
signal light to the third terminal station. 



said first terminal station modulates a signal 
light having at least one wavelength according 
to the supervisory signal, and transmits the 
modulated light to the second terminal; 
said second terminal station converts a wave- 
length of the received signal light into a differ- 
ent wavelength, and transfers the converted 
wavelength to said third terminal station. 

5. The system according to claim 3, wherein 

said second terminal station performs an opto- 
electrical conversion on a signal light having at 
least one wavelength modulated according to 
the supervisory signal transmitted from the first 
terminal station, regenerates the supervisory 
signal, and modulates a signal light having a 
wavelength different from said at least one 
wavelength according to the regenerated 
supervisory signal. 

6. The system according to claim 3, wherein 

said second terminal station determines 
according to the supervisory signal a necessity 
of a transfer of the supervisory signal, and said 
supervisory signal is not transferred when 
there is no need of the transfer. 
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said first terminal station transmits the supervi- 
sory signal to said second terminal station 
through a communications line assigned to a 
main signal data; so 
said second terminal station which receives the 
supervisory signal modulates a signal light 
having at least one wavelength according to 
the supervisory signal, said modulated signal 
light having at least one wavelength is multi- 
plexed with another signal light, and the multi- 
plexed signal light is transferred to the third 
terminal station through the communications 



4. The system according to claim 1 , wherein 



7. The system according to claim 6, wherein 

55 said supervisory signal contains identification 

information which identifies a source terminal 
station and a destination optical repeater unit of 
the supervisory signal; and 
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said second terminal station reads the identifi- 
cation information about the supervisory sig- 
nal, transfers the supervisory signal when the 
destination optical repeater unit exists in a 
transmission direction of the signal, and does 5 
not transfer the supervisory signal when the 
destination optical repeater unit does not exist. 

8. The system according to claim 1 , wherein 

10 

optical paths are set in such a way that said 
supervisory signal transmitted from the first ter- 
minal station passes through the plurality of 
optical repeater units. 

is 

9. A supervisory system in an optical wavelength divi- 
sion multiplexing communications network having a 
first and a second terminal stations, a first optical 
transmission line for connecting the first and the 
second terminal stations, at least one optical wave- 20 
length multiplexing/demultiplexing unit provided in 

the first optical transmission line, at least one of 
third terminal stations connected to said at least 
one optical wavelength multiplexing/demultiplexing 
unit through a second optical transmission line, and 25 
an optical repeater unit provided in the first and sec- 
ond optical transmission lines wherein optical 
wavelength division multiplexing communications 
are established between the first and the second 
terminal stations and said at least one of the third 30 
terminal stations, and wherein optical paths are set 
in such a way that: 

said first terminal station transmits an optical 
signal on which a supervisory signal for the 35 
optical repeater unit is superposed to one of 
adjacent third terminal stations; 
said third terminal stations sequentially transfer 
the optical signal on which the supervisory sig- 
nal is superposed to adjacent terminal stations, 40 
and a last third terminal station transfers the 
optical signal on which the supervisory signal is 
superposed to an adjacent second terminal 
station; and 

said second terminal station transmits the opti- 45 
cal signal on which the supervisory signal is 
superposed to the first terminal station. 

10. The system according to claim 9, wherein 

50 

said optical signal on which the supervisory 
signal passing through said first, second and at 
least one of the third ternu'nar stations is super- 
posed is an optical signal having a fixed wave- 
length. 55 

1 1 . A supervisory system in an optical wavelength divi- 
sion multiplexing communications network having a 



first and a second terminal stations, first optical 
transmission up-line and down-line for connecting 
the first and the second terminal stations, at least 
one optical wavelength multiplexing/demultiplexing 
unit provided in the first optical transmission up-line 
and down-line, at least one of third terminal stations 
connected to said at least one optical wavelength 
multiplexing/demultiplexing unit through second 
optical transmission up-line and down-line, and an 
optical repeater unit provided in the first and second 
optical transmission up-lines and down-lines 
wherein optical wavelength division multiplexing 
communications are established between the first 
and the second terminal stations and said at least 
one of the third terminal stations, and wherein 

said first and second terminal stations and said 
at least one of the third terminal stations trans- 
mit, through a path passing through corre- 
sponding optical transmission up-lines and 
down-lines, an optical signal on which the 
supervisory signal is superposed for the optical 
repeater unit to an adjacent terminal station 
through said at least one optical wavelength 
multiplexing/demultiplexing unit. 

12. The system according to claim 1 1 , wherein 

said first and second terminal stations and said 
at least one of the third terminal stations output 
an optical wavelength of an input supervisory 
signal fts a wavelength different from an input 
wavelength. 

13. A supervisory system in an optical wavelength divi- 
sion multiplexing communications network, com- 
prising: 

a first terminal station; 

an optical wavelength multiplexing/demultiplex- 
ing unit (10. 61, 62) for multiplexing/demulti- 
plexing a wavelength of an optical signal 
transmitted from said first terminal station; 
a second and a third terminal stations for 
receiving the optical signal branched from said 
optical wavelength multiplexing/demultiplexing 
unit; 

a first optical path from said first terminal sta- 
tion to said optical wavelength multiplex- 
ing/demultiplexing unit, and from said optical 
wavelength multiplexing/demultiplexing unit to 
each of said second and third terminal stations; 
and 

a second optical path set from each of said 
second and third terminal stations to said opti- 
cal wavelength multiplexing/demultiplexing 
unit, and generated by said optical wavelength 
multiplexing/demultiplexing unit to be led to 
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said first terminal station, wherein 
a signal light modulated according to a supervi- 
sory signal passes through said first and sec- 
ond optical paths. 

5 

14. An optical wavelength division multiplexing commu- 
nications network which establishes optical wave- 
length division multiplexing communications, 
comprising: 

10 

a first path comprising a first and a second ter- 
minal stations, at least one of f irst optical wave- 
length multiplexing/demultiplexing units 
provided in optical transmission up-line and 
down-line connecting the first and second ter- is 
minal stations, and at least one of third terminal 
stations connected to said at least one of the 
first optical' wavelength multiplexing/demulti- 
plexing units through the optical transmission 
up-line and down-line; and so 
a second path comprising a fourth and a fifth 
terminal stations, at least one of second optical 
wavelength multiplexing/demultiplexing units 
provided in optical transmission up-line and 
down-line connecting the fourth and fifth termi- 25 
nal stations, and at least one of sixth terminal 
stations connected to said at least one of the 
second optical wavelength multiplexing/demul- 
tiplexing units through the optical transmission 
up-line and down-line, wherein 30 
said first terminal station transmits to one of 
adjacent third terminal stations an optical sig- 
nal on which the supervisory signal is super- 
posed, said third terminal station sequentially 
transfers to adjacent terminal stations an opti- 35 
cal signal on which the supervisory signal is 
superposed and further transfers, from a last 
terminal station of said third terminal stations to 
an adjacent second terminal station, an optical 
signal on which the supervisory signal is super- 40 
posed; 

said second terminal station transmits to said 
fourth terminal station an optical signal on 
which the supervisory signal is superposed; 
and 45 
said fourth terminal station transmits to one of 
adjacent sixth terminal stations an optical sig- 
nal on which the supervisory signal is super- 
posed, said sixth terminal station sequentially 
transfers to adjacent terminal stations an opti- so 
cal signal on which the supervisory signal is 
superposed and further transfers, from a last 
terminal station of said sixth terminal stations 
to an adjacent fifth terminal station, an optical 
signal on which the supervisory signal is super- ss 
posed. 

1 5. The system according to claim 14, wherein 



a wavelength of a light on which the supervi- 
sory signal passing through the terminal sta- 
tions is superposed is a fixed wavelength. 

16. A supervisory system in an optical wavelength divi- 
sion multiplexing communications network, com- 
prising: 

a plurality of optical wavelength multiplex- 
ing/demultiplexing units (10, 61, 62) connected 
in a ring through an optical transmission line; 
and 

a plurality of terminal stations connected to 
respective optical wavel ength multiplex- 
ing/demultiplexing units wherein optical wave- 
lengths are multiplexed, and wherein 
an optical path is set such that a light on which 
the supervisory signal is superposed passes 
through a plurality of adjacent terminal stations 
through the plurality of optical wavelength mul- 
tiplexing/demultiplexing units. 

1 7. The system according to claim 1 6, wherein 

said light on which the supervisory signal is 
superposed is similar in wavelength in each of 
said terminal stations. 

18. A supervisory system in an optical wavelength divi- 
sion multiplexing communications network, com- 
prising: 

a plurality of optical wavelength multiplex- 
ing/demultiplexing units (10, 61, 61); and 
a plurality of terminal stations connected to 
respective optical wavelength multiplex- 
ing/demultiplexing units, wherein 
said plurality of optical wavelength multiplex- 
ing/demultiplexing units (10, 61, 62) are con- 
nected in a ring through an optical transmission 
up-line and an optical transmission down-line; 
and 

in the wavelength division multiplexing commu- 
nications system which establishes optical 
wavelength division multiplexing communica- 
tions among said terminal stations, an optical 
signal on which a supervisory signal is super- 
posed is transmitted through a path connecting 
through the optical transmission up-line said 
terminal stations adjacent through said optical 
wavelength multiplexing/demultiplexing units, 
and through a path connecting through the 
optical transmission down-line said terminal 
stations adjacent through said optical wave- 
length multiplexing/demultiplexing units. 

19. The system according to claim 18, wherein 
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a wavelength of the supervisory signal passing 
through the optical transmission up-line is dif- 
ferent from a wavelength of a light passing 
through the optical transmission down-line. 

5 

20. A supervisory system in an optical wavelength divi- 
sion multiplexing network, comprising: 

a plurality of optical wavelength multiplex- 
ing/demultiplexing units (10 t 61, 62); and 10 
a plurality of terminal stations connected to 
respective optical wavelength multiplex- 
ing/demultiplexing units, wherein 
said plurality of optical wavelength multiplex- 
ing/demultiplexing units are connected in a ring 75 
through an optical transmission up-line and an 
optical transmission down-line, and in the 
wavelength division multiplexing communica- 
tions system which establishes optical wave- 
length division multiplexing communications 20 
among said terminal stations, 
optical up-path and down-path connecting two 
adjacent terminal stations are set; 
said up-path and down-path are assigned to 
different fibers, and an optical main signal mod- 25 
ulated according to the supervisory signal 
passes through the optical path. 

21 . The system according to claim 20, wherein 

30 

signals passing through 2N optical paths 
selected for transmission of a supervisory sig- 
nal are equal in wavelength. 

22. The system according to claim 1 , wherein 35 

a light of the supervisory signal is modulated 
according to a data signal, and the supervisory 
signal is superposed to the data signal. 

40 

23. The system according to claim 1 , wherein 

a light of the supervisory signal is exclusively 
used for a supervisory signal. 

45 

24. The system according to claim 1 , wherein 

a supervisory signal receiving unit of a repeater 
unit comprises a filter which passes only a sig- 
nal light modulated according to a supervisory so 
signal. 

25. The system according to claim T, wherein 

an optical repeater unit comprises a plurality of 55 
optical amplifiers for transferring a supervisory 
signal from an optical amplifier which receives 
the supervisory signal to another optical ampli- 



fier. 

26. The system according to claim 1 1 , further compris- 
ing: 

at least one optical wavelength multiplex- 
ing/demultiplexing unit (10, 61. 62); 
a plurality of terminal stations connected to at 
least one optical wavelength multiplex- 
ing/demultiplexing unit through an optical trans- 
mission line; and 

a plurality of optical repeater units provided in 
the optical transmission line, wherein 
a supervisory signal transmitted for said optical 
repeater units from a first terminal station of 
said plurality of terminal stations is received by 
a second terminal station through said optical 
wavelength multiplexing/demultiplexing unit, 
the received supervisory signal is transferred to 
a third terminal station through said optical 
wavelength multiplexing/demultiplexing unit, 
and an optical wavelength of the supervisory 
signal passing through the terminal stations is 
fixed in ail terminal stations. 

27. The system according to claim 18. wherein 

a wavelength of a light of the supervisory signal 
passing through the optical transmission up- 
line is equal to a wavelength of a light of the 
supervisory signal passing through the optical 
transmission downline. 

28. The system according to claim 1 , wherein 

a wavelength of a signal modulated according 
to a supervisory signal depending on a position 
of a repeater unit to be monitored can be 
switched. 

29. The system according to claim 1, further compris- 
ing: 

an optical filter for extracting only a supervisory 
signal light to be received. 

30. A supervisory system in WDM transmission, com- 
prising: 

a hub station which is a terminal station for 
issuing and terminating a supervisory signal; 
a branch station for looping back a supervisory 
si gnat; and 

a repeater unit for relaying an optical signal, 
wherein 

said hub station, said branch station and said 
repeater unit are connected through an optical 
transmission line; 
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said supervisory signal is transmitted from said 
hub station through at least one channel exclu- 
sively used for a supervisory signal; 
said branch station loops back the supervisory 
signal so that the supervisory signal can pass 
through all repeater units connected in the sys- 
tem. 

31 . The system according to claim 30, wherein 

said supervisory signal is looped back in said 
branch station as an optical signal using an 
optical amplifier. 

32. The system according to claim 30, wherein 

said supervisory signal is looped back in said 
branch station in a 2R system in which the 
supervisory signal is regenerated through con- 
version from an optical signal into an electrical 
signal. 

33. The system according to claim 30, wherein 

said supervisory signal is looped back in said 
branch station in a 3R system in which the 
supervisory signal is regenerated for phase 
matching through conversion from an optical 
signal into an electrical signal. 

34. Tne system according to claim 30, wherein 

said supervisory signal is transmitted along a 
single exclusive channel. 

35. The system according to claim 34, wherein 

said repeater unit receives an supervisory sig- 
nal using an optical filter exdusively used for an 
supervisory signal. 

36. The system according to claim 30, wherein 

an optical transmission line is checked by an 
OTDR method using a channel exclusively 
used for a supervisory signal. 

37. A terminal for transmitting, terminating, or looping 
back an supervisory signal in WDM transmission, 
comprising: 

a switch for switching an optical path; and 
a repeater monitor unit for generating a super- 
visory signal, wherein 

said switch is used to switch transmission lines 
when said supervisory signal is looped back, 
and when said supervisory signal is transmit- 
ted or terminated; 



said supervisory signal generated by said 
repeater monitor unit is converted into an opti- 
cal signal when said supervisory signal is 
transmitted. 

5 

38. The terminal station according to claim 37, wherein 

said supervisory signal is looped back as an 
optical signal using an optical amplifier. 

10 

39. The terminal station according to claim 37, wherein 

said supervisory signal is looped back in a 2R 
system in which the supervisory signal is 
is regenerated through conversion from an opti- 

cal signal into an electrical signal. 

40. The terminal station according to claim 37, wherein 

20 said supervisory signal is looped back in a 3R 

system in which the supervisory signal is 
regenerated for phase matching through con- 
version from an optical signal into an electrical 
signal. 

25 

41 . The terminal station according to claim 37, wherein 

said supervisory signal is transmitted along a 
single exclusive channel. 

30 
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